The role of transoesophageal echocardiography (TOE) in a general intensive care unit was examined by reviewing all studies performed in a major metropolitan hospital over a two-year period. TOE was performed on 53 patients where transthoracic studies were inadequate, the indications being cardiac source of embolus (13/53), thoracic aorta abnormalities (5/53), left ventricular systolic function (22/53), endocarditis (6/53), right heart pathology (2/53), pulmonary embolus (2/53), or a potentially surgical correctable lesion (3/53). Findings were categorized into three groups: confirming suspected pathology (18/53), major incidental findings (6/53), or normal (29/53). Patient management was altered, not only by the finding of positive pathology, but also after identifying normal left ventricular systolic function (14/53). Echocardiography has become an invaluable tool in the ICU setting.
The development of transoesophageal echocardiography has provided a powerful tool for evaluating cardiac function in the critically ill patient. Although readily available in many units where cardiothoracic services exist, the role of transoesophageal echocardiograms (TOE) in general intensive care units is not well established. A twenty-four month retrospective review of the use of TOE was undertaken by a general adult unit where echocardiography has been a well established tool.
METHOD
The medical records of all patients in the Nepean Intensive Care Unit (ICU) undergoing a TOE between July 1, 1994 and June 30, 1996, were reviewed. Nepean ICU is a general adult unit catering to a broad range of critical illness, trauma, and major elective surgery. Cardiac surgery is not performed although thoracic surgery is well represented. A record of all echocardiographic studies performed in the unit was kept. The TOE records were crossindexed with the medical records of all submissions over the study period.
The majority of studies were performed with an ACUSON 128 xp/10C (ACUSON Corporation, Mountain View, CA, U.S.A.) machine and a biplane probe. Some of the earlier studies were done with an ACUSON monoplane probe and some of the later studies with a multiplane probe on an ATL HDI 3000 machine (Advanced Technology Laboratories, Seattle, WA, U.S.A.). The major indication for performing such an examination was ascertained and categorized into one of seven groups. These were: presence of the cardiac source of embolus, thoracic aorta abnormality, assessment of left ventricular function, evidence of endocarditis, assessment of right heart pathology, pulmonary embolus, or a surgically correctable cardiac lesion.
Each study was performed by an intensive care specialist trained in the technique. Backup video tape recordings were taken for later analysis, formal reports being supplied in the majority of cases. For most patients, management decisions subsequent to the findings were taken immediately after the study.
The TOE result was categorized into one of three groups: confirming the suspected pathology, identifying a major incidental abnormality, or normal.
RESULTS
A total of 53 subjects were identified, with a male to female ratio of 33:19 and age range of 23 to 87 years. During the study period there were 1,660 23 
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Anaesthesia and Intensive Care, Vol. 26, No. 1, February 1998 admissions. The severity of the illness is reflected by a mean APACHE II score of 14.53, mean APACHE III score of 56.24 with a mean length of stay of 3.38 days in the 1,379 most recent admissions. The indication for requesting TOE, as well as the findings, are shown in Table 1 . Of the total, there were 18 specific and 6 incidental abnormalities seen, a positive pathology diagnosis of 45% (24/53) of studies.
Three studies revealed previously unsuspected congenital heart lesions in the form of three atrial septal defects (ASD) and an Ebstein's anomaly. These four findings were considered clinically important.
The most common reason for requesting TOE was assessment of left ventricular function (22/53), which proved to be the major incidental abnormality found (4/6). The underlying diagnoses in those with no major left ventricular systolic defect are given in Table 2 .
The second indication for performing a TOE was to determine whether a cardiac source of embolus was present. The majority of these patients were under consideration for electrical cardioversion and of the ten undergoing the procedure for this reason, in only one was a thrombus identified and cardioversion avoided. However, in three of the ten patients spontaneous echo contrast (SEC) was found. This is recognized as an independent risk factor for cerebral events, presumably secondary to a cardiac cause 1 . Of the remaining three in this group no intracardiac thrombus was seen, but two had previously undiagnosed atrial septal defects identified. One patient was a 55-year-old woman with Downs' syndrome who had undergone bowel resection for bowel infarction secondary to mesenteric artery embolus. The presence of an ASD was probably significant. The second patient was a 73-year-old woman with known renal failure, intermittent arrhythmias and unexplained coma, in whom a paradoxical embolus was a possibility. With the third patient, the cause of the pre-existing limb paraesthesia, sudden loss of consciousness, respiratory arrest, and multiple small cerebral infarcts seen on CT scan were diagnosed with the aid of TOE. Immediately on arrival to ICU a TOE was performed, revealing multiple atrial thrombi.
Of the four patients with vegetations seen on their valves, one with aggressive de novo staphylococcus endocarditis was immediately transferred for valve replacement. One with multisystem disease responded to medical therapy, as did an elderly frail man. The fourth patient with an underlying haematological malignancy died. Five patients were investigated for the possible diagnosis of thoracic aorta pathology. Four patients suffered severe chest trauma; the clinical findings along with a chest X-ray suggestive of thoracic aorta injuries were indications for TOE. The fifth patient had marked pain radiating down the back following an acute myocardial infarction. All studies were negative for significant thoracic aorta pathology.
Only two patients underwent TOE for assessment of possible right heart pathology (other than for pulmonary embolus). One patient had longstanding pulmonary interstitial disease in addition to chronic airways disease. Severe cor pulmonale was considered to be present, contributing to her ventilatordependent respiratory failure and hypotension. However, TOE revealed only mild dilatation of the right ventricle and pulmonary artery pressures of 30 mmHg when measured by the tricuspid regurgi- tant flow method. Interestingly, she exhibited severe SEC in the left atrium despite good left ventricular function and no evidence of a right-to-left shunt. The second patient experienced haemodynamic shock following a verapamil overdose. While attempting to insert a pulmonary artery catheter she repeatedly developed ventricular tachycardia and the catheter could not be advanced beyond the right atrium. An Ebstein's anomaly and ASD were identified on TOE. She survived, but suffered two cerebral infarcts two weeks later. Two patients with inadequate transthoracic imaging underwent study for possible pulmonary embolus. One patient was considered terminal by the referring team, having developed pneumonia on a background of severe chronic pulmonary hypertension. A large embolus was seen occluding the right pulmonary artery and streptokinase was administered. The patient is alive two years later, receiving anticoagulation therapy, with a much improved quality of life. In retrospect, it is considered that the cause of the previously unexplained pulmonary hypertension was recurrent pulmonary embolism.
The three patients in marked cardiac failure undergoing investigation for a possible surgical remedial lesion, such as flail mitral leaflet, died. Two were secondary to acute myocardial infarction and cardiogenic shock. No surgically correctable lesion was identified in any of these studies.
DISCUSSION
TOE is widely used in the management of critically ill patients. Previously published studies have concentrated predominantly on cardiac intensive care units 2, 3 , the impact of the technique in relation to pulmonary artery catheterization 4 or attempts to assess cardiac output 5, 6 . Although this technique is available in most major Australasian intensive care units the service is often provided by non-intensivists and therefore not always immediately available. Many critically ill patients require urgent assessment, as a delay can be crucial. The objective of this retrospective study was to evaluate the usefulness of TOE in a general adult ICU where the service is provided in-house.
Echocardiography is considered an essential diagnostic tool in our intensive care unit despite access to, and frequently utilized, pulmonary artery catheterization. Both transthoracic echocardiography (TTE) and TOE are performed by intensive care specialists. In addition, these specialists make the major contribution to the hospital-wide service performing the majority of TOEs. Of all ICU patients at Nepean, 17.3% undergo a TTE.
A total of 278 TOEs were performed in the hospital throughout the study period, the 53 patients in the ICU accounting for 19% of the total. A TOE was only performed if adequate TTE images were unobtainable, or clarification of the TTE finding was necessary. The separation of the indications into seven groups is somewhat artificial, as comprehensive echocardiographic assessment of every patient should be performed with each study. For example, when a patient develops cardiogenic shock there is a need not only to evaluate left ventricular function, but also to consider the need for urgent mitral valve repair or replacement should ruptured chordae tendiniae be demonstrated. However a primary reason for the procedure needs to be determined prior to its performance in order to plan patient management.
Assessment of left ventricular function is the predominant indication for performing a TOE, knowledge of cardiac pump function being a priority. With the majority of patients, left ventricular function was evaluated with TTE prior to the TOE. Although an objective evaluation of left ventricular function was desirable, this can be obtained in the majority of ICU patients by TTE, TOE being reserved for a small number of cases 7 . The difficulty in deciding what constitutes a positive finding is demonstrated by the results in Table 2 . Although left ventricular function was considered normal, in these subjects this finding often has a major effect on subsequent patient management. Furthermore, TOE may delineate specific diastolic or systolic dysfunction, thereby allowing more focused therapy.
The majority of studies performed for identification of a possible cardiac source of embolus were undertaken prior to planned cardioversion; the usefulness of TOE in this setting is under debate 8 .
The findings of two ASDs in this subgroup suggest that intracardiac shunts pass undiagnosed in many patients with embolic events. Indeed the only reliable method of diagnosing this lesion in the ICU setting is by TOE. Three of the 13 patients had SEC, a finding indicating low blood flow and a propensity for thrombus formation. Further study on the presence of SEC in the critically ill patient is necessary.
TTE is the ultrasound examination of choice when pulmonary embolus is suspected and this explains why only two patients underwent TOE in our study. With TTE, the size of the right ventricle, force of right ventricular contraction and left ventricular size indicating relative filling are usually easily identified. If a significant tricuspid regurgitant jet is present, Anaesthesia and Intensive Care, Vol. 26, No. 1, February 1998 estimation of pulmonary artery pressure can be made. However, in one patient with severe pulmonary hypertension in whom a large embolus was visualized in the pulmonary artery, only TOE could have provided the diagnosis in an intensive care setting. A pulmonary artery catheter would have shown pulmonary hypertension, but not the double pathology, and a TTE would not have visualized the pulmonary artery adequately.
As the Nepean Hospital is a major trauma unit, the negative findings for thoracic aorta pathology during the study period reflect clinical practice rather than lack of pathology. All suspected acute thoracic aorta problems are investigated in the Emergency Department prior to ICU admission. However the TOE service for such cases is provided by intensive care specialists. Studies demonstrate the superiority of TOE over CT scans as a diagnostic tool for suspected thoracic aorta pathology 9 .
The category of a possible surgically correctable lesion applies to those patients in whom medical therapy is insufficient, and there is reasonable suspicion of surgically correctable cardiac pathology, such as a flail mitral leaflet and associated gross mitral regurgitation. The condition of all three patients was endstage despite the acute onset of illness, and a negative finding reassured the clinician that current management was appropriate.
The number of TOE studies performed in the intensive care unit over 24 months (53) was lower than anticipated, and a review of the pathology suggests that this modality is under-utilized. The heavy reliance on TTE for cardiac evaluation is partly responsible for this, but the incidence of unexpected pathology found indicates that clinically important congenital cardiac lesions and other acquired pathology can be overlooked. Another important reason for having the facility on site, with the mechanism for rapid application and reporting, is to obviate the need for transferring a critically ill patient outside the ICU for other diagnostic procedures.
